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Tested monocularly with luminance-modulated stimuli, young infants classically show a directional 
asymmetry of eye movements: optokinetic nystagmus (OKN) and OKN-like eye movements are 
more reliably elicited by temporo-nasally- (T-N) than by naso-temporally- (N-T) directed stimuli. 
In the present experiment, 2-month-old infants were tested with isoluminant red--green gratings. 
A reverse asymmetry was found: at isoluminance, directionally appropriate eye movements were more 
readily elicited by N-T- than by T-N-directed stimuli. The results suggest he presence of a reverse 
asymmetry in the ensemble of direction-selective neurons that controls young infants' immature eye 
movements in response to isoluminant stimuli. 
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INTRODUCTION 
The eye movements ofhuman infants manifest a variety 
of immaturities (for reviews ee Shupert & Fuchs, 1988; 
Schor, 1993; Hainline, 1993; Preston & Finocchio, 
1993). Among the most striking of these immaturities are 
the directional asymmetries seen in infants' optokinetic 
nystagmus (OKN) and OKN-like eye movements 
elicited under monocular test conditions. 
In adults tested monocularly, OKN is symmetrical or
nearly symmetrical for stimuli moving in the temporal- 
to-nasal (T-N) and nasal-to-temporal (N-T) directions. 
But in very young infants, OKN and OKN-like eye 
movements are more reliably elicited by T-N- than 
by N-T-directed stimuli (Atkinson & Braddick, 1981; 
Naegele & Held, 1982; Roy, Lachapelle & Lepor6, 1989; 
Lewis, Maurer, & van Schaik, 1990; Lewis, Maurer & 
Holmes, 1991; Lewis, Maurer, Smith & Haslip, 1992; 
Teller, Succop & Mar, 1993). Although OKN was 
originally reported to become symmetrical at 3-5 
months postnatal (Atk:inson & Braddick, 1981; Naegele 
& Held, 1982), OKN asymmetries persist at older ages 
when higher velocities (Roy et al., 1989) or higher 
spatial frequencies (Lewis, Maurer & van Schaik, 1990; 
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Lewis, Maurer & Holmes, 1991) are used. Directional 
asymmetries also occur in infant smooth pursuit 
(Atkinson & Braddick, 1981) and in the visual evoked 
potentials produced by T-N- vs N-T-directed stimulus 
motion (Norcia, Garcia, Humphry, Holmes, Hamer & 
Orel-Bixter, 1991). 
In comparison to infants' eye movement responses 
to T-N-directed stimuli, the responses to N-T-directed 
stimuli are characterized by reduced slow-phase gain, 
reduced fast-phase frequency, and broken patterns of 
small saccades in the N-T direction (see especially 
Atkinson & Braddick, 1981; Naegele & Held, 1982). For 
example, Atkinson and Braddick (1981)judged the 
number of seconds of OKN-like eye movements occur- 
ring in a 15-sec time interval. In 2-month-olds, OKN-like 
eye movements occurred uring about 5-15 sec of the 
trial in response to T-N stimulus motion, and during 
about 0-10 sec in response to N-T stimulus motion. 
Similarly, Naegele and Held (1982) found that in 2- 
month-olds the ratio of slow-phase gains for N-T vs 
T-N stimuli was about 0.4, but not 0. Thus, the defi- 
ciencies of N-T eye movements in 2-month-olds are 
apparently quantitative, rather than all or none, and it 
should be noted that young infants do produce appropri- 
ately directed eye movement patterns in response to 
N-T-directed stimuli at least some of the time. 
The choice of terminology for describing infants' eye 
movements i  made difficult by the overall immaturity 
of the whole constellation of eye movements seen in 
infants. In order to avoid inappropriate usage of the 
terms used to describe adult eye movements, the terms 
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"OKN-l ike eye movements" or "directionally appropri- 
ate eye movements" will be used here to refer to the 
directionally-appropriate ey movement patterns elicited 
in infants by large moving stimulus fields. 
lsoluminant chromatic stimuli 
Although OKN and OKN-like eye movements are 
usually studied with luminance-modulated stimuli, 
they can also be elicited by red-green isoluminant 
chromatic stimuli, in both adults (Moreland, Kogon & 
Smith, 1976; Moreland, 1980; Teller & Palmer, 1995; 
Crognale & Schor, 1994) and 2-month-old infants 
(Teller & Lindsey, 1988, 1993; Teller & Palmer, 1995). 
No systematic directional biases are seen in adult OKN 
responses at isoluminance (Crognale & Schor, personal 
communication). 
The question posed in the present project is: will 
red-green isoluminant stimuli elicit a T -N  eye move- 
ment asymmetry in infants? This question is motivated 
by two non-mutually-exclusive kinds of models: first, by 
the classical models of infant OKN asymmetries; and 
second, by consideration of the broader populations of 
visual neurons that respond to luminance-modulated vs 
chromatically modulated stimuli. 
The classical model of infant OKN asymmetries i
shown in Fig. 1. [See Fuchs and Mustari (1993) for a 
recent review of the physiology of the primate OKN 
system.] In simplified terms, the sensory integration 
structures for horizontal OKN are a pair of subcortical 
nuclei, the nuclei of the optic tract (NOT). Each NOT 
contains direction-selective neurons that respond to 
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FIGURE 1. The classical theory of OKN asymmetries in young 
infants. The two disks at the center of the diagram represent the two 
NOT. As indicated by the shaded arrows, the left NOT is critical to 
the production of right-to-left OKN, and the right NOT is critical to 
the production of left-to-right OKN. With right eye (monocular) 
viewing, as shown by the black lines, signals from the right eye access 
the left NOT via both a crossed subcortical pathway and a crossed 
cortical pathway; T-N-directed stimuli presented tothe right eye lead 
to T-N OKN via these pathways. Signals from the right eye access the 
right NOT via a single uncrossed cortical pathway; N-T-directed 
stimuli presented tothe right eye lead to N-T-directed OKN via this 
pathway. The T-N asymmetry of infant OKN is classically attributed 
to a presumed early maturation of the subcortical with respect to the 
cortical pathways, and/or of the crossed with respect to the uncrossed 
cortical pathway. 
ipsilaterally-directed motion in either eye; and each NOT 
is critical to the production of OKN with an ipsilaterally- 
directed slow phase. 
The NOT receives visual inputs from both subcortical 
and cortical pathways. The subcortical pathway is 
direct and crossed, running from each retina to the 
contralateral NOT. The cortical pathways are indirect, 
with a crossed pathway via contralateral lateral 
geniculate nucleus (LGN) to contralateral cortex, and an 
uncrossed pathway via ipsilateral LGN to ipsilateral 
cortex. In the adult, left eye and right eye inputs 
probably converge on binocular neurons at an early 
cortical evel, and project o ipsilateral NOT after several 
stages of cortical processing. Thus, from each eye 
there are two crossed pathways to contralateral NOT, 
which mediate T-N-directed OKN, and a single 
uncrossed pathway to ipsilateral NOT, which mediates 
N-T-directed OKN. In adult subjects, input from 
each eye accesses both NOT, with the result that 
motion in either direction in either eye can drive 
appropriately-directed OKN responses. 
Within this model, the T -N  asymmetry of infant 
OKN responses has classically been attributed to a 
putative arly maturation of one or both of the crossed 
pathways. For example, the asymmetry has been 
attributed to the early maturation of subcortical with 
respect to cortical inputs to NOT (Atkinson, 1979; 
Atkinson & Braddick, 1981; Hoffmann, 1982, 1987; 
van Sluyters, Atkinson, Banks, Held, Hoffmann & 
Shatz, 1990), or of crossed with respect to uncrossed 
inputs onto binocular cortical neurons (Atkinson & 
Braddick, 1981; Braddick, Atkinson, Harkness, Jackson, 
& Vargha-Khadem, 1992). 
Now, what should happen when isoluminant stimuli 
are used? Color vision is largely or entirely a cortical 
process, and most neurons in the direct retinal pathway 
to NOT probably respond minimally to isoluminant 
stimuli (De Monasterio & Gouras, 1975; De Monasterio, 
1978). In the extreme, if the subcortical pathway to NOT 
were silent at isoluminance, it could not contribute to 
the production of OKN responses. In that case, if the 
subcortical input were the fundamental cause of the T -N  
asymmetry, infant OKN responses should become 
more symmetrical at isoluminance. Alternatively, if a 
maturational asymmetry of the cortical pathways were 
to play a major role in producing the T -N  asymmetry, 
with the crossed cortical pathway consistently preceding 
the uncrossed cortical pathway in development, then the 
T -N  asymmetry should persist at isoluminance. 
A second and more general model of infant eye 
movement asymmetries arises from consideration of 
the responses of single neurons to moving stimuli. 
Direction-selective neurons--neurons that respond 
differently to different directions of stimulus mot ion- -  
are undoubtedly critical elements in the production of 
directional eye movements, with populations of neurons 
selective to T -N  and N-T  stimulus motion contributing 
to the production of T -N  and N-T  eye movement 
responses respectively. In this context, the classical 
monocular OKN asymmetry in infants provides 
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evidence of an imbalance of inputs to NOT from T-N 
vs N-T  direction-selective neurons in response to 
luminance-modulated stimuli. When only one eye is 
stimulated, the combination of cortical and subcortical 
inputs to NOT from "r-N direction-selective n urons 
driven by that eye is apparently sufficient o drive T -N  
OKN; while the cortical input to NOT from the same eye 
from N-T  direction-selective n urons is insufficient o 
drive N-T  OKN. 
Again, what should happen when isoluminant stimuli 
are used? The change from luminance-modulated to 
chromatically-modulated stimuli leads to a major 
change in the active population of visual neurons (for 
reviews, see Lennie & D'Zmura, 1988; Merigan & 
Maunsell, 1993). Neurons more responsive to chromatic 
than to luminance modulation (e.g. many P-cells) should 
become more active, whi]te those with the reverse prefer- 
ence (e.g. many M-cells) should become less active. 
Direction selectivity is frequent and pronounced in many 
cortical neurons activated by luminance-modulated 
stimuli, but relatively scarce and less pronounced in 
cortical neurons that respond to isoluminant stimuli. 
Moreover, within the population of cells responsive at 
isoluminance, the balance of T-N- vs N-T-selective 
neurons has not been explored. 
In the most general terms then, the occurrence or 
non-occurrence, and the symmetry or asymmetry, of 
monocularly driven eye movements at isoluminance 
will depend upon the responses of the population of 
directionally-selective neurons that respond to moving 
isoluminant stimuli and have inputs to the eye movement 
control systems. There are four possibilities. If the 
neural signals generated by isoluminant T-N- and 
N-T-directed stimuli are both sufficient to drive 
directionally-appropriate ey movements, then such eye 
movements will occur in both directions. If both T-N 
and N-T  inputs are insufficient, then no consistent eye 
movements hould be seen in either direction. If the 
T-N-generated input is sufficient and the N-T-generated 
input is not, then the classical T -N  eye movement 
asymmetry should occur. Finally, if the pathways 
that respond at isoluminance were to have a reverse 
asymmetry, with the N-T-controlled (uncrossed) 
pathways providing a more effective signal than the 
T-N-controlled (crossed)pathways, then infant eye 
movement patterns could show a reverse (N-T) 
asymmetry in response to isoluminant stimuli. 
In summary, the goal of the present experiment was 
to determine whether or not the monocular T -N  eye 
movement asymmetries sc:en in infants would persist at 
isoluminance. 
METHODS 
Subjects 
Infants were obtained from the University of 
Washington infant studies subject pool. All were born 
within _+ 7 days of their due date, with no family history 
of amblyopia, strabismus, tereoblindness or color vision 
anomaly by parents' report. All infants were 55-64 days 
postnatal on the first day of testing. Each infant was 
tested for four or five 1-hr sessions within a 1-week 
period. Informed consent was obtained from parents 
prior to testing. Twelve infants were tested successfully; 
one infant failed to finish the experiment, for a success 
rate of 92%. 
Apparatus and stimuli 
Stimuli were generated by an Adage-controlled 
Micro-Vax-II system (Teller & Lindsey, 1989), and 
presented on a high-resolution RGB monitor (Barco 
6531B). The video screen subtended approx. 50 x 50 deg 
at the test distance of 33 cm. The stimuli were vertical 
0.2c/deg red-green sinusoidal gratings with a mean 
luminance of 12cd/m% The stimuli moved across the 
video screen either right-to-left or left-to-right, at a 
velocity of 34deg/sec (6.8 Hz). The contrast of the 
luminance component of the gratings varied from zero 
(V~-defined isoluminance) to _+40%. These luminance 
contrast variations were used because each individual 
infant's red-green isoluminance point may deviate by 
a small but unpredictable amount from V~-defined 
isoluminance (Hamer, Alexander & Teller, 1982; Packer, 
Hartmann & Teller, 1984; Teller & Lindsey, 1989). 
The mean chromaticity of the stimuli was (0.31, 0.30) 
in CIE coordinates, or (r =0.651,b =0.020) in 
MacLeod-Boynton coordinates. The contrast of the 
chromatic component of the red-green gratings was 
held constant across variations in the contrast of the 
luminance component, at the maximum value of chro- 
matic contrast at which the maximum (40%) required 
luminance contrast could be achieved within the gamut 
limitations of the video system. At isoluminance 
the chromatic modulation was r =0.651 +0.028 in 
MacLeod-Boynton coordinates. These values produce 
cone contrasts of 4.3% for the long-wavelength-sensitive 
(L) cones and 8.0% for the mid-wavelength-sensitive 
(M) cones (cf. Palmer, Mobley & Teller, 1993). 
Procedure 
The infant was fitted with a self-adhesive eye patch 
over one eye (right eye, N = 5; left eye, N = 7). An adult 
holder held the infant in front of the video screen. 
A second adult, the observer (author M.E.), watched the 
infant's unpatched eye via a video monitor system. With 
the exception oted below, the contrast and direction of 
motion of the stimuli were randomized, and the observer 
was masked to these variables. Trial duration was 
determined by the observer, and ranged from about 2 to 
about 8 sec. The number of trials per stimulus condition 
obtained varied among infants, ranging from 17 to 34 
with an average of 22. 
Eye movements were scored on-line by direct 
observation. On each trial the observer made two judg- 
ments concerning the infant's eye movement pattern: 
(a) a forced-choice judgment of the predominant direction 
of the slow phase of the infant's eye movements; and 
(b) a judgment of the quality of the eye movements, 
i.e. whether strong, clear OKN-like eye movements were 
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present or not present on that trial. The "OKN" data are 
therefore a subclass of the forced-choice data. The 
forced-choice ("FC") data are presented in Figs 2 and 3; 
the results with the OKN criterion are presented briefly 
in the text. 
The characteristics of the infant's eye movements 
varied considerably across trials and across infants. 
Eye movements characterized asslow phase included the 
tracking phase of a classical OKN response, sequences 
of small saccades in a single direction, a single slow 
directional drift followed by steady fixation, and 
other combined patterns. Examples of EOG recordings 
showing complex eye movement patterns with overall 
slow phase in the N-T direction can be seen in Atkinson 
and Braddick (1981, Fig. 3) and Naegele and Held (1982, 
Fig. 2). 
For nine of the 12 infants tested, T-N and N-T 
stimulus trials were interleaved, and the observer was 
masked to both the contrast and the direction of motion 
of the stimulus. For the final three infants, T-N and 
N-T stimulus trials were tested in separate runs, with 
the result that the observer was masked to the contrast 
but not the direction of motion of the stimuli. This 
procedural change was introduced because the reversal 
of OKN asymmetry that we found was unexpected, and 
we wished to see whether or not it was robust across 
variations of procedure that would be expected to reveal 
any major influence of uncontrolled observer bias. The 
observer's task--judgment of the direction and quality 
of the infant's eye movements--was unchanged. Results 
were the same for both procedures and both kinds of 
data are presented together. 
RESULTS 
The data from four individual infants are shown in 
Fig. 2. For T-N stimuli of high luminance contrast 
(+40%), the percent of directionally-appropriate 
responses was high, ranging across infants from 75% 
to 95% by forced-choice scoring, and from 40% to 
70% by the OKN criterion. In contrast, for N-T stimuli 
of high luminance contrast, he percent of directionally- 
appropriate r sponses was lower, ranging from 40% to 
70% by forced-choice scoring (6-30% by the OKN 
criterion). Thus, the classical finding of a superiority of 
T-N over N-T responses i  replicated here for red-green 
gratings containing high luminance contrasts. 
For T-N stimuli, each of the 12 subjects showed a 
minimum of directionally-appropriate ey  movements 
near V~ isoluminance. Across infants, this minimum 
varied from 35% to 70% for forced-choice scoring 
(8-35% by the OKN criterion). The minimum perform- 
ance occurred at luminance contrast values within +_ 5% 
with respect o V~ isoluminance for nine infants, and 
at + 10% for the three other infants. Thus, under the 
present conditions, monocularly presented isoluminant 
¢D 
O 
100 - 
75 & 
--A~. I• ~, ~,~ / 
25 - -  ~ A - -  T-N FC 
Sarah ~ N-T FC 
I I I I I I 
-60 -40 -20 0 20 40 60 
Luminance contrast (%) 
(A) 
ta 
9 r. 
I-q O 
100 - -  
75 
50 
25 --  - -A~ T -N  FC 
Amy -.-----6---- N-T  FC 
o L I I L I 
-60 -40 -20 0 20 40 
Luminance contrast (%) 
( B )  
I 
6O 
o 
0~ 
100 - 
75 - -  
50 - 
25 - -  
o 
-60 -40 -20 
(C) 
- -A - -  T-N FC "~ ~, 
Stephen ~ N-T FC o o 
I I I I I I 
0 20  40  60  
Luminance contrast (%) 
100 
75 
50 
25 
0 
-60 
- ~ (D) 
- --A~ T-N FC 
Lyd ia  ~ N-T FC 
I I I I I I 
-40 -20 0 20 40 60 
Luminance contrast (%) 
F IGURE 2. Responses to red-green stimuli for four individual infants. The abscissae show the contrast of the luminance 
component of  the red-green stimuli (0 = V~-defined isoluminance; positive contrasts, red brighter than green; negative contrasts, 
green brighter than red). The ordinates how the percentage of trials on which directionally-appropriate eye movements 
(T -N slow phase for T-N-directed stimuli, N -T  slow phase for N-T-directed stimuli) were judged to occur. FC designates 
forced-choice scoring. Note that T -N  and N-T  data are independent data sets. Of 12 infants tested, 10 showed patterns like 
those illustrated in (A)-(C), with a response minimum for T-N-directed stimuli, but a response maximum for N-T-directed 
stimuli, in the vicinity of V~-isoluminance. One infant gave noisy data (not shown), and one showed minima for both T -N  
and N-T-directed stimuli, as shown in (D). 
INFANT EYE MOVEMENT ASYMMETRIES AT ISOLUMINANCE 1893 
red-green gratings were not generally sufficient o drive 
T -N  eye movements. 
For N-T  stimuli, 10 of the 12 infants tested showed 
an unexpected outcome. The data for three of these 
infants are shown in Fig. 2(A-C). In all 10 cases, 
near l/~-isoluminance, the percentage of directionally- 
appropriate responses to N-T  stimuli increased system- 
atically to a peak, reaching 70-88% for forced-choice 
scoring (30-60% for the OKN criterion). In all 10 
of these cases, the pertormance maximum for N-T  
stimuli occurred at or within 5% of the same luminance 
contrast as did the performance minimum seen for 
T -N  stimuli. In nine of the 10 infants, the peak for 
N-T  stimuli was higher than the minimum for T -N  
stimuli, so that the curves crossed each other, yielding 
a reverse asymmetry. In the 10th of these subjects, 
the N-T  maximum and the T -N  minimum had equal 
values. 
Two infants did not s:~ow this pattern of response. 
In one infant (not shown), the data were noisy and 
unscorable, with no discernable systematic hange in 
N-T  responses at isoluminance. In a second case, shown 
in Fig. 2(D), the percent of directionally-appropriate 
responses to N-T  stimul:i" dropped near isoluminance, 
reaching a minimum wdue at the same luminance 
contrast at which directio:aally-appropriate responses to 
T -N  stimuli also reachecl their minimum value. The 
reason for this aberrant re:suit is unknown, with the most 
convenient possible explanation--that of red-green 
color deficiency--made unlikely by the fact that this 
infant was female. Ove~:all, the number of infants 
showing the reserve asymmetry is statistically significant 
(9/10, eliminating the tie and. the unscorable data set; 
P < 0.01, one-tailed sign Lest). 
Shifted averages were derived from the forced-choice 
data from the 10 infants who showed performance 
maxima for the N-T  gratings. These shifted averages 
were derived by shifting both T -N  and N-T  data sets 
together along the luminance axis, for each individual 
infant, to align the minima in the N-T  curves at zero 
luminance contrast. Linear interpolations between data 
points were made when necessary for averaging of the 
shifted data. The shifted averages are shown in Fig. 3. 
Error bars represent + 1 SEM. The T -N  and N-T  
minima coincide, and the reverse asymmetry is seen. 
A similar result, but a smaller but still statistically 
significant difference between the T -N  minimum and the 
N-T  maximum, is found if the two infants who did not 
show the N-T  maximum are included in the group 
average. 
In sum, the present results were novel and unexpected, 
in two ways. First, we know of no precedent for the 
reverse (N-T) asymmetry seen in most infants at 
isoluminance under the present conditions. In particular, 
no such consistent N-T  asymmetry is seen in adult 
subjects at isoluminance (Crognale & Schor, personal 
communication). And second, for N-T-directed stimuli, 
the response rate decreases rather than increasing away 
from isoluminance, as luminance contrast is added to the 
stimulus. That is, the red-green stimulus component is
100 
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FIGURE 3. Shifted group averages for the 10 infants who showed 
response minima for N-T-directed red-green stimuli. Conventions a
in Fig. 2. Vertical bars represent +1 SEM. 
consistently less effective in combination with 10-40% 
luminance contrast han it is alone. 
DISCUSSION 
When 2-month-old infants are tested monocularly 
with high contrast luminance-modulated stimuli, they 
show a T -N  asymmetry of OKN-like eye movements 
(Atkinson & Braddick, 1981; Naegele & Held, 1982; 
Roy et al., 1989; Lewis et al., 1990, 1991, 1992; Teller 
et al., 1993). This classical asymmetry suggests that for 
luminance-modulated stimuli, the responses of T -N  
directionally-selective neurons are more effective than 
the responses of N-T  directionally-selective n urons 
for driving OKN-like eye movements in the immature 
visual-motor system. Classical models suggest hat the 
asymmetry comes about either because of an early 
maturation of subcortical with respect o cortical path- 
ways (Atkinson, 1979; Atkinson & Braddick, 1981; 
Hoffmann, 1982, 1987; van Sluyters et al., 1990), or 
because of an early maturation of crossed with respect 
to uncrossed cortical pathways (Atkinson & Braddick, 
1981; Braddick et al., 1992). 
Our initial intent was to provide data favoring either 
the subcortical or the cortical option, by testing for 
asymmetries at isoluminance. Since chromatic vision is 
thought to be largely or entirely a cortical process, 
we reasoned that elimination of the asymmetry at 
isoluminance would favor the hypothesis of subcortical 
pathways, while its preservation would favor the 
hypothesis of cortical pathways, as the critical locus 
for the asymmetry. In fact, a reverse asymmetry 
occurred, with directionally-appropriate responses to 
N-T-directed stimuli being more frequent than 
responses to T-N-directed stimuli at isoluminance in 
most infants. Thus, the data do not clearly favor 
either of the two original models of the classical T -N  
asymmetry seen in infants. , 
The reverse eye movement asymmetry seen in the 
present experiment suggests that in infancy a reverse 
imbalance occurs in the pathways that respond to 
moving chromatic stimuli. That is, at isoluminance, 
N-T-directed stimuli are more effective than are 
T-N-directed stimuli in producing the signals that con- 
trol directionally-appropriate ey  movements in infants. 
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Moreover, to the extent that the signals in subcortical 
pathways are indeed silenced at isoluminance, the data 
suggest hat this imbalance is a property of  the geniculo- 
cortical chromatic pathways. This outcome raises the 
possibility that the uncrossed chromatic pathways may 
mature earlier than the crossed chromatic pathways 
during early development. We know of no physiological 
data that bear directly on this question. 
Can more be said about the origin of  such cortical 
signals? Recent models of  visual processing in the 
geniculo-cortical pathways emphasize the processing 
of  different aspects of  the visual stimulus in separate 
parallel processing streams, particularly the M (magno- 
cellular) and P (parvocellular) pathways in early visual 
processing (see Merigan & Maunsell, 1993 for a recent 
review). Most neurons in the M pathway demonstrate 
direction-selectivity but show response minima at or 
near isoluminance, while most neurons in the P pathway 
respond well at isoluminance but are not markedly 
direction selective. Thus, few neurons are both color 
coded and direction selective, and the pathway respon- 
sible for coding the direction of  motion at isoluminance 
has been a matter of  some debate (see Cavanagh & 
Anstis, 1991 for a review). 
Recent reports suggest hat both M and P pathways 
may be involved. Both M and P ganglion cells are 
known to respond to red-green isoluminant stimuli (Lee, 
Martin & Valberg, 1989). Some magno-recipient and 
some parvo-recipient neurons in cortical area V1 show 
directionally-selective responses at isoluminance (Hubel 
& Livingstone, 1990). Similar results have been 
reported for neurons in the medial temporal cortical area 
MT (Saito, Tanaka, Isono, Yasuda & Mitami, 1989; 
Dobkins & Albright, 1994; Gegenfurtner, Kiper, 
Beusmans, Carandini, Zaidi & Movshon, 1994), an area 
heavily implicated in the mediation of  motion perception 
and in the control of  directional eye movements. Thus, 
it would be premature to attempt o attribute the reverse 
eye movement asymmetry at isoluminance to M vs P 
pathways or to M-initiated vs P-initiated inputs to 
motion processing. 
Finally, the failure of  stimuli modulated in both 
chromaticity and luminance to drive N-T  eye move- 
ments, when the chromatic omponent will do so alone, 
is very surprising. This result suggests that the popu- 
lation of  N -T  directionally-selective n urons responsive 
to combined luminance and chromatic modulat ion is less 
effective than is the purely chromatically-driven popu- 
lation at driving N-T  eye movements in the immature 
system. Such an outcome could come about because of 
some intrinsic property of  this population of  neurons, 
or because of some form of interference or inhibition 
between luminance and chromatic signals generated by 
N-T-directed stimuli. 
In any case, the results of  the present study lead us to 
make three predictions, First, among the relevant popu- 
lations of  direction-selective n urons that are responsive 
at isoluminance, responses to N-T  motion should be 
more numerous and/or more vigorous than responses to 
T -N  motion in early postnatal development. Second, 
some N-T  directionally-selective n urons that respond 
at isoluminance may respond less well when luminance 
modulat ion is added to the stimulus. Third, if the 
directional asymmetry reported recently in infant VEP 
responses to moving luminance-modulated stimuli 
(Norcia et al., 1991) originates in the same neurons as do 
infant eye-movement asymmetries, the VEP asymmetry 
should reverse in phase when isoluminant stimuli are 
used. 
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